Adaptive optics limits for space telescopes

Laura Needels, B. Martin Levine, and Mark Milman

Jet Propulsion Laboratory

California Institute of Technology

4800 Oak Grove Drive, M/S T1701

Pasadena, CA 91109

RNY A/7/0°




Adaptive optics limits for space telescopes

Overview:

m All future large lightweight optical systems in space will need wavefront compensation

new technologies enable affordable:
‘large’ apertures (> Im)

through Lightweight optics and structures
m Control Structure Interaction (CSI) approach to damping disturbances
to be developed for active and adaptive wavefront corrections
(active’ ~ < 0.1 Hz, ‘adaptive’ ~> 0.1 Hz)
m Derive compensation requirements by direct analogy to ground based adaptive optics

Kolmogorov power spectrum

long and short exposure effects

n IMOS/COMP analysis

SRT structure
space-timne OPD power spectral density functions
spatial psd determines stroke

temporal fluctuations determine bandwidth
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Adaptive optics limits for space telescopes

Enabling technologies for large lightweight telescopes

Deployable Solid Surface Reflector Concept
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Adaptive optics limits for space telescopes

Need for adaptive optics:

Mission Aperture AO need:

Large Aperture UV-visible 3-6-8 -10-16m Diffraction limited imaging
Develop/validate moment actuators for figure control
Thermal control to minimize variations
Passively Cooled IR Telescope  3-5-8m Diffraction limited performance, maintain focus
(Imaging) Interferometer 10-30m Correct for structural errors
Corrections for primary mirror
Discovery class telescope 1-1.5m Diffraction limited imaging
Lightweight mirror figure control

Thermal control

Keck 11 and Keck 10m Atmospheric turbulence compensation
Interferometer
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® Optics

Adaptive optics limits for space telescopes

Segmented Reflector Telescope (SRT) rTz15odeI:
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tetrahedral primary mirror support b

SRT Truss Structure

3 rod secondary support 13
15 Hz fundamental

291 dof

0.1% modal damping

Disturbance model: HST -type reaction wheels

4 harmonics used, [1.0,2.0,2.8, 5.2] *®
® = 50 rad/s
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Adaptive optics limits for space telescopes

Zernike falter decomposition:

s References:

Noll, (1976), JOSA, v66, p207-211
Sasiela and Sheldon (1993), JOSA A, v10, p646-650, (Appendix A)

m Zernike mode component and filter function:

PSD (u, v)j=PSD xF(m,n,ju,v\

A

| (Ju2+ ) )

n+1\T 2 ) ‘ ( 2cos? (mo)jeven
2sin’(mo)jodd
1m=0

r
2J

F(m,n.juv)= (n+1)[

u2 + v2D
:

» Variance

o2 = JPSD
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Adaptive optics limits for space telescopes

Spatial psd with and without passive damping

OPD fluctuation (m"2/m)

Piston removed spatial PSD - No Dampers Piston removed spatial PSD - Dampers
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Zernike Mode 2- x tilt

Zernike components of spatial psd:

Zernike Mode 3-  tilt

« 102 x 10

Zemike Mode 4 - Focus

Adaptive optics limits for space telescopes

Zernike Mode 1 | - Spherical
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Adaptive optics limits for space telescopes

Temporal psd:

SRT tempora power spectrum
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